In phenomenological models with D-branes, there are in general open-string massless scalar fields, in addition to closed-string massless moduli fields corresponding to the compactification. It is interesting to focus on the fate of such scalar fields in models with broken supersymmetry, because no symmetry forbids their masses. The one-loop effect may give non-zero masses to them, and in some cases mass squared may become negative, which means the radiative gauge symmetry breaking. In this article we investigate and propose a simple method for calculating the one-loop corrections using the boundary state formalism. There are two categories of massless open-string scalar fields. One consists the gauge potential fields corresponding to compactified directions, which can be understood as scalar fields in uncompactified space-time (related with Wilson line degrees of freedom). The other consists "gauge potential fields" corresponding to transverse directions of D-brane, which emerge as scalar fields in D-brane world-volume (related with brane moduli fields). The D-brane boundary states with constant backgrounds of these scalar fields are constructed, and one-loop scalar masses are calculated in the closed string picture. Explicit calculations are given in the following four concrete models: one D25-brane with a circle compactification in bosonic string theory, one D9-brane with a circle compactification in superstring theory, D3-branes at a supersymmetric C 3 /Z 3 orbifold singularity, and a model of brane supersymmetry breaking with D3-branes and anti-D7-branes at a supersymmetric C 3 /Z 3 orbifold singularity. We show that the sign of the mass squared has a strong correlation with the sign of the related open-string one-loop vacuum amplitude.
Introduction
It is important to investigate the fate of tree-level massless scalar fields in string models, because no elementary massless scalar field has been observed. Recent developments on the moduli stabilization (for a review, see Ref. [1] ) mainly focus on closed-string massless scalar fields: complex structure moduli, Kähler moduli and dilaton. In supersymmetric models with D-branes open-string massless scalar fields, which are superpartners of the corresponding fermion fields, may become massive through spontaneous supersymmetry breaking (for a review of string models with D-branes, see Ref. [2] ). In D-brane models with broken supersymmetry there are open-string massless scalar fields which are not the superpartners of any fermion fields. Such scalar fields may become massive through the one-loop radiative correction, and it is possible that their squared masses become negative and the radiative gauge symmetry breaking is triggered. This is a very interesting possibility for TeV-scale string models [3] (for a review, see refs. [4, 5] ), in which such a scalar field can be identified as the Higgs doublet field for the electroweak symmetry breaking [6, 7] . This can be a candidate of the mechanism of natural and necessary electroweak symmetry breaking.
Although the construction of phenomenological models with D-branes becomes possible by the modern understanding of open strings [8, 9, 10, 11, 12, 13, 14, 15] (for a review, see Refs. [16, 17] ), the technique for actual calculations of amplitudes, for example, "two-point functions" for the mass, remains technically complicated in general. For example, the concrete construction and usage of open string vertex operators are not simple straightforward tasks, and the integration over the places of the vertex operators are sometimes non-trivial requiring regularization of divergences or subtraction of physical divergences with some physical interpretations (see Ref. [18] for the simplest case).
In Ref. [19] one-loop corrections to equations of motion of open-string low-energy effective fields are investigated using the closed-string boundary state formalism. The actual calculations are simplified by going to the closed string picture from the open string picture, because the one-loop effects in the open string picture can be understood as the tree-level propagations of closed strings between D-branes (and orientifold fixed planes) due to the open-closed string duality. The main non-trivial point is the construction of closed-string boundary states which include open-string backgrounds. In Ref. [19] the boundary state with the general gauge field background is constructed assuming that open strings can propagate in all the space dimensions (open strings with Neumann boundary condition in all the space directions, or space-filling D-brane). The procedure is the following. First, "boundary coordinate operators" are identified, and the eigenstates of those operators are constructed. The eigenvalues are called "boundary coordinates". Next, the "boundary action" corresponding to the general background gauge field is identified. The boundary action is described by boundary coordinates. Finally, the boundary state is obtained by integrating the eigenstates over boundary coordinates with the weight of the boundary action. It is possible to incorporate open-string Dirichlet boundary condition through simple duality arguments. It is also possible to identify the boundary action corresponding to the background open-string scalar field through the observation that open-string massless scalar fields correspond to some special components of gauge potential fields.
The boundary action with the general background gauge field in Ref. [19] (in Euclidean metric) is
where σ and τ are world-sheet coordinates (τ = 0 denotes the boundary of closed strings), X µ are bosonic "boundary fields" described by bosonic boundary coordinates, θ µ are fermionic boundary fields described by fermionic boundary coordinates, A µ are gauge potential fields and F µν is the gauge field strength field. It is described in Ref. [19] that this boundary action "represents a condensate of photon vertices". In case of constant gauge potential field, which we discuss in the next section, it is simple to take a part of Polyakov action with the background gauge field (in Minkowski metric)
This actually corresponding to the first term of Eq.(1) with a different normalization. The normalization of the gauge field in Eq. (2) is clearly known, because the action is used to derive the Dp-brane effective action (Dirac-Born-Infeld (DBI) action)
where T DBI p is the tension of Dp-brane, and Φ, G and B are closed string massless fields. At first glance the boundary action of Eq.(2) seems always to be zero in case of the constant gauge potential field, because the closed-string bosonic world-sheet fields X µ should have the period 2π in σ. This actually corresponds to the fact that the constant gauge potential field is not physical by itself in ordinary situations. There are two situations in which X µ may not have the period 2π in σ. In case of that some space dimensions are compactified, X µ of compactified directions do not necessarily have the period 2π in σ, because of the existence of closed string winding modes. In this case the corresponding components of the gauge potential field can be identified to the scalar fields which are related with Wilson line degrees of freedom [6] . In case that a stack of D-branes is at some orbifold singularity, X µ of directions perpendicular to the D-branes do not necessarily have the period 2π in σ, because of the existence of twisted closed strings. In this case the corresponding components of the gauge potential field also can be identified to the scalar fields which are related with brane moduli fields [7] .
In the next section, we review the construction of boundary states by the method of Ref. [19] , and apply the method to construct the boundary states with the open-string background fields corresponding to the above two cases. We consider three concrete models for simple explanations of the method to calculate the one-loop mass of the scalar field. In section 3 for the case of winding closed string exchanges, we consider two models: one D25-brane with a circle compactification in bosonic string theory and one D9-brane with a circle compactification in type IIB superstring theory. In section 4 for the case of twisted closed string exchanges, the model of D3-branes at a supersymmetric C 3 /Z 3 orbifold fixed point (or singularity) is considered. The one-loop corrections to the scalar masses are concretely calculated in each section. In section 5 we apply the method to a simple but non-trivial non-tachyonic model without supersymmetry: D3-branes and anti-D7-branes at a supersymmetric C 3 /Z 3 orbifold singularity. We encounter the divergence due to the tadpole couplings of massless twisted NS-NS fields with D-branes. The application of tadpole resummations to obtain finite result is sketched. In section 6 we make some comments about the application to phenomenological models. All through the paper, we will be explicit in fundamental definitions towards future applications. = 0 (18) for m > 0. The integral reduces to simple Gaussian integrals. The boundary coordinates for world-sheet fermions are defined in a similar way. The mode expansion of closed-string world-sheet fermion fields is
where κ = 1/2, 0 denote Neveu-Schwarz (NS) and Ramond (R) sectors, respectively. The quantization gives {ψ The condition for the closed string which corresponds to the Neumann boundary condition for the open string is
where η = ±1 is the parameter to be related with the GSO projection. The "boundary field" is defined as
with mode expansion
Substituting mode expansions to the boundary condition gives (r = Z + κ)
The boundary coordinate operatorsθ µ r are defined such that they vanish at the boundary by the boundary condition in accordance with that forx in Ramond sector whose multiplications to the Ramond ground state give spinor states multiplied by corresponding anti-symmetric products of gamma matrices (see Ref. [19] for detail). We will not discuss about this operators, because they are irrelevant to the main topics of this paper.
The eigenstates for the boundary coordinate operatorsθ µ r andθ µ r (r > 0) can be obtained as
where
and the same for the others. These states satisfy the completeness condition DθDθ|θ,θ; η θ,θ; η| = 1,
We define the normalization factor N θ so that
It is easy to understand that
is a part of the boundary state of space-filling D9-brane which satisfieŝ
for r > 0. The integral, again, reduces to simple Gaussian integrals. The contributions of world-sheet ghost fields to the boundary state are determined by imposing BRST invariance. They are obtained as follows (see Ref. [20] for details). The bc-ghost contribution is
where the mode expansions are
satisfying the algebra
, and so on, and the vacuum state are defined as
for m ≥ 0 and n ≥ 1. The βγ-ghost contributions are
for Neveu-Schwarz sector and
for Ramond sector, where the mode expansions are
with (β r ) † = −β −r , (γ r ) † = γ −r and so on, and the vacuum states are defined as
Here, P andP denote pictures. The adjoint states of these ghost contributions can be obtained by taking Hermite conjugate, except for the vacuum state for Ramond-sector βγ-ghost should be taken as
The insertion of the bc-ghost zero mode operator (c 0 − c 0 )(b 0 + b 0 ) is also understood in the definition of the inner product of the bc-ghost boundary state [21] . The boundary state for Dp-brane for any 
respectively. The operators in the states of Eqs. (12) and (26) also receive the appropriate replacements. The zero mode boundary coordinatex i requires a special treatment. We have to multiply the operator δ(x i − y i ) for each i to the boundary state, which ensures that the place of the center of mass of the closed string should be fixed at y i at the boundary. It is easy to check that the obtained boundary states satisfy closed-string boundary conditions corresponding to open-string Dirichlet boundary conditions.
The contribution of the zero-mode operators of world-sheet fermion fields in the Ramond sector should be considered separately (see Ref. [20] for details). The Ramond ground state for Dp-brane is given by
where |A and |B are ten-dimensional spinor states with spinor indices A and B and
with ten-dimensional Dirac gamma matrices Γ µ and Γ i with µ = 0, 1, · · · , p and i = p + 1, p + 2, · · · , 9, the charge conjugation matrix C ≡ Γ 3 Γ 5 Γ 7 Γ 9 Γ 0 and the chirality matrix
This state satisfies the boundary conditionŝ
The adjoint state is obtained by taking the Hermite conjugate
except for the minus sign from the Fermi statistics of spinor states, where
In the prescription of Ref. [19] the closed-string boundary state with constant background of open-string gauge potential field on Dp-brane is obtained by the integral with a weight given by the boundary action of Eq.(2).
The eigenstates of the boundary coordinate operators are defined as
and
The normalization factor N p is determined so that the open-string one-loop cylinder vacuum amplitude can be obtained using this boundary state with vanishing background field.
Note that the coefficient of the effective action of Eq. (3) is
is the reduced Planck mass in ten-dimensional space-time.
We have to apply the GSO projection to the boundary state. The operation of GSO projection operators e iπF and e iπF , where F andF are world-sheet spinor number operators (including the effect of βγ-ghost), are
The factor (−1) p in R-sector comes due to the matrix M in the boundary state. (Remember that the operation of e iπF is essentially equivalent to multiply the chirality matrix Γ 11 .) To extract the spectrum of type IIB theory the GSO projection should be defined as follows [20] .
For the closed-string boundary state with the constant background of brane moduli fields, the boundary action S A should be replaced by [22, 23] 
with
Note that the boundary action is now described by dual boundary coordinates. In case of flat ten-dimensional space-time both S A and S ⊥ A vanish, because ∂ σ X µ and the oscillator part of ∂ τ X i have the period 2π in σ. (The first term of Eq.(65) simply results the shift of the place of Dp-brane:
This A i is nothing but the brane moduli field, and it is not that we are interested in. See below.) For the first case, if some space directions in the Dp-brane world-volume are compactified, the boundary action S A does not always vanish, because ∂ σ X µ does not necessary have the period 2π in σ for closed-string winding modes. The vector potential fields A µ corresponding to the compactified directions become scalar background fields in uncompactified Dp-brane world-volume, which correspond to Wilson line degrees of freedom. For the second case, if the Dp-brane is at some orbifold singularity, the boundary action S ⊥ A does not always vanish, because ∂ τ X i do not have the period 2π in σ for the closed-string twisted modes.
The "vector potential fields", or brane moduli fields, A i become scalar fields on the Dpbrane. In this case, the non-trivial orbifold twist action to open-string Chan-Paton indices are necessary so that A i are not completely projected out, and we need to consider multiple Dp-branes. The background fields A i should be matrix-valued in this case and the action weight in Eq.(52) should be replaced by tr(P exp(S ⊥ A )). In the following two sections we demonstrate the actual calculations of the one-loop mass corrections to the scalar fields in these two cases in order. The boundary state given in this section should be modified a little in each case.
3 One-loop masses by winding closed string exchanges Consider first one D25-brane in bosonic string theory with 25th space dimension compactified in circle of radius R. Since the boundary action of Eq.(53) only depends on the bosonic boundary coordinate, this is a simple and sufficient model as the first example. The basic boundary state is that of Eq.(52) with 26-dimensional space-time and no contributions from world-sheet fermions and βγ-ghost fields:
where N 25 is
with p = 25, and
In the mode expansion of the world-sheet field X 25 the integer winding number w is included, and we consider it as a new boundary coordinate operator.
We redefine the eigenstates of the boundary coordinate operators as
where |w is the eigenstate ofŵ satisfyinĝ
The integral in the boundary action is easily performed:
Here we temporally consider the boundary action as an operator. The boundary action with constant A 25 background should be obtained as follows.
DxDx|x,x; w |B gh .
Following the arguments in section 1 with DBI action, the canonically normalized scalar field in 25-dimensional space-time is defined as φ ≡ A 25 √ 2πR/g, where
Therefore, we have
This is the closed-string boundary state with the constant background of an open-string scalar field. The boundary state without the background is clearly
The "multipoint functions" of φ are given by
with z = e −t e iϕ is the closed-sting propagator operator [20] . This is simply an weighted sum over w of the open-string one-loop vacuum amplitudes corresponding to the tree-level propagations of w twisted closed strings. This is the way how the spectrum in the string theory appears in "multipoint function" of φ in this case. The explicit calculations give
where s ≡ t/π. We obtain the "two-point function" as
and the mass of the scalar field in 25-dimensional space-time is obtained as
The scale of the mass is determined by the mixture of the string scale 1/ √ α ′ and the scale of compactification 1/R. Note that only winding closed strings, w = 0, contribute. If we could neglect the tachyon contribution, the mass would go to zero in the limit of R → 0, and the scalar field would become a brane moduli field of a D24-brane. In the limit of R → ∞ the mass vanishes as expected, since the scalar field becomes a component of the gauge field on the D25-brane. The sign of the mass squared has an opposite correlation with the sign of the vacuum energy (−1×"zero-point function" in our notation), which has already pointed out in Ref. [6] .
Next, we consider in superstring theory one D9-brane with 9th space dimension compactified in circle of radius R. The story is completely parallel to the above bosonic string theory case, except for the difference of the number of space dimensions and inclusion of the contribution of world-sheet fermions and βγ-ghost fields. The contribution to the two-point function from the closed-string NS-NS sector is
Here 1/g 2 = T DBI 9
(2πα ′ ) 2 /g s . The contribution from the closed-string R-R sector differs only the part of the theta function.
The total two-point amplitude is
, and the mass of the scalar field in 9-dimensional space-time is
As expected, the one-loop correction to the scalar mass vanishes due to the supersymmetry, which is realized in the above result through the identity θ or from NS-NS boson fields and R-R boson fields of the closed string, is also broken, and the non-zero value for the scalar mass emerges. In case that supersymmetry is broken at the string scale 1/ √ α ′ , the scale of the mass should be determined by two scales: 1/ √ α ′ and 1/R. The sign of the mass squared depends on how the spectrum is modified by the supersymmetry breaking.
One-loop masses by twisted closed string exchanges
We consider a stack of D3-branes at a supersymmetric C 3 /Z 3 orbifold singularity as a simple example.
The Z 3 transformation is defined as
where complexified world-sheet fields are defined as
for a = 1, 2, 3, and v = (1/3, 1/3, −2/3). In C 3 /Z 3 orbifold space, the space points which are connected by the above Z 3 transformation are identified. (Here, the world-sheet fields Z (±)a are identified to the complexified six-dimensional space coordinates.) Therefore, there exist so called twisted closed strings which look like open strings with two edges identified by Z 3 transformations. The world-sheet fields of such twisted closed strings should satisfy the conditions of
or
Namely, there are two kinds of twisted closed strings. In the following we only consider the twisted closed strings which satisfy the first set of conditions, because another kind of twisted closed strings gives the same results. Since these conditions change the mode expansion of world-sheet fields, we have to reconstruct the boundary state, though the prescription is the same of that explained in section 2.
The mode expansion of twisted world-sheet boson fields Z (±)a=1 , we simply write this fields as Z (±) for a while, are given as
with (α m+1/3 ) † = α −(m+1/3) and (α m−1/3 ) † =α −(m−1/3) . The quantization results the following algebra:
We find no zero mode, and the twisted closed string is localized at the singularity. At the boundary, τ = 0, the mode expansions can be written as
We defined boundary coordinate operators aŝ
The contribution to the closed-string boundary state corresponding to the open-string Neumann boundary condition can be obtained by following the prescription reviewed in section 2 using boundary coordinates x m±1/3 andx m±1/3 instead of x 
The mode expansion of twisted world-sheet fermion fields ψ (±)a=1 ± , we simply write this fields as ψ (±) ± for a while, are given as
with (ψ
. There is no zero-mode operator even in Ramond sector. The quantization results
where, and from now on,
The fermionic boundary coordinate operators,θ
s , corresponding to the openstring Neumann boundary condition are defined as follows
More explicitly,θ
The anti-commuting relations
are satisfied independent from the value of η. We definê r . Since there is no zero-mode operator in Ramond sector (κ = 0), we should reconstruct the ground state of R-R sector. For Dp-brane (p < 4) it can be obtained as
where |a R and |b R are four-dimensional spinor states with spinor indices a and b, and
This state satisfies the Neumann and Dirichlet boundary conditions for the zero-mode operators of four-dimensional space-time:
A special care is required for the normalization factor of this Dp-brane boundary state. The normalization factor of the Dp-brane boundary state is determined so that the open-closed string duality is satisfied. Namely, it is determined from the condition that the vacuum amplitude which is obtained using Dp-brane boundary states should coincide with the twice of the open-string one-loop vacuum amplitude which is calculated using the open-string world-sheet formalism. Consider the case of a stack of D3-branes at a C 3 /Z 3 singularity. The normalization factor is not that simple N 3 , but
where γ 3 is the matrix of Z 3 operation on open-string Chan-Paton indices. For the adjoint state the factor tr(γ −1
3 ) should be replaced by tr(γ 3 ). The factor 1/3 in the square root of Eq.(122) comes from the Z 3 projection operator (1 +α +α 2 )/3, whereα is the operator which generates the transformation of Eq.(86). A dimension-full factor 1/ √ 2πα ′ 6 comes instead of the momentum integration in six-dimensional space perpendicular to the threedimensional space of D3-branes. The last factor in the square root of Eq.(122) has already been introduced in Ref. [24] with a certain interpretation. Now, we construct the boundary state of the D3-branes at a supersymmetric C 3 /Z 3 singularity with the constant background field by introducing the boundary action S ⊥ A of Eq.(64). Consider the background of A ≡ (A 4 +iA 5 )/ √ 2 with A = aT , where T is a ChanPaton matrix. Since the matrix T should non-trivially transform by γ 3 so that the state corresponding to A is invariant under the Z 3 transformation, we have tr(T ) = 0. The field a is not the brane moduli field, but a matter field in some non-trivial representation of the gauge group. The boundary action is described by dual bosonic boundary coordinates for Z (±)a=1 as follows.
Although A (and S ⊥ A ) is the matrix valued, we replace A by a for a while, and consider the effect of the Chan-Paton matrix afterward. The boundary state before GSO projection is obtained almost the same as Eq.(52) by replacing S A by the above S ⊥ A with some special cares described above. The products in the eigenstates of boundary coordinates are modified as
and the same for the others. The GSO projection of the state can be defined as described in section 1, like Eqs.(62) and (63), but a special care is required. Since the twisted world-sheet fermion fields have non-trivial conformal weights, the corresponding vacuum states should have non-trivial world-sheet fermion number, or GSO parity. For NS-NS sector the vacuum state has GSO parity exp(iπ(1/3 + 1/3 + 7/3)) = −1 and Eq.(62) is changed as
For R-R sector the vacuum state has GSO parity exp(iπ(2/3 + 2/3 − 4/3)) = +1 and Eq. (63) is not changed.
Since the boundary action is linear in dual boundary coordinates, we can explicitly perform the following part of the functional integrals.
The result is
where we take the canonical normalization of the scalar field as φ ≡ a/g with 1/g 2 = T DBI 3 (2πα ′ ) 2 /g s assuming the normalization of tr(T † T ) = 1. This is the only modified part in the twisted closed-string D3-brane boundary state at a C 3 /Z 3 singularity by this constant open-string background. The boundary state with this open-string background can be described as
where |B ψ 3
is the world-sheet fermion contribution and (a † |ã † ) ⊥ ′ does not include the contribution from the space component of a = 1. The scalar background field appears in a more complicated way than in Eq.(75).
The "multipoint function" can be obtained from B 3 ; φ|D|B 3 ; φ . For the "two-point function", we have a simple formula
where we included the Chan-Paton factor which appears in the open-string one-loop calculation. The linear terms of Φ in the exponent of Eq.(131) do not contribute, because in open string picture the amplitude with only one vertex operator on one boundary vanishes due to tr(T γ 3 ) = 0 (or gauge invariance). We see that the amplitude is proportional to the open-string one-loop vacuum amplitude with a twist, which is dual of the amplitude of a tree-level propagation of the twisted closed-string. The factor −2(Φ † |Φ) is a divergent quantity that requires regularization through the analytic continuation.
We used the polygamma function defined as
The mass of the scalar field in D3-brane world-volume is obtained as
where the generalized theta function is defined as [17] 
with q = exp(2πiτ ), and we used an abbreviation
This vacuum amplitude and the mass vanish due to the supersymmetry through the identity
This identity is obtained from more general identity [25]
Once the supersymmetry is broken, the modified spectrum gives finite values of the mass squared with sign determined by the signs of the vacuum energy and Chan-Paton factor. The scale of the mass is determined only by the string scale 1/ √ α ′ in case of that the supersymmetry is broken by construction, for example, by non-supersymmetric singularities [26] , non-supersymmetric brane configurations [27] and so on. In case of that the supersymmetry is spontaneously broken by some dynamics at lower energy, the scale of the mass is determined by the string scale and supersymmetry breaking scale which may be introduced through the dimensional transmutation, for example.
One-loop masses with brane SUSY breaking
In this section we examine the non-trivial (non-vanishing) one-loop scalar mass in a consistent concrete non-tachyonic model with brane supersymmetry breaking [28, 27, 29, 30, 31] . Consider the same C 3 /Z 3 orbifold singularity in the previous section, and put four D3-branes and three anti-D7-brane at the singularity. We take the Z 3 operation matrices to these D-branes as
where α = exp(i2π/3), 1 a is a × a unit matrix. The subscript7 3 means the anti-D7-brane which does not occupy the space dimensions of third complex coordinate. The twisted R-R tadpole cancellation condition
is satisfied and the gauge symmetry, U(2)×U(1) 1 ×U(1) 2 ×U(3), should be anomaly free. Though each of two U(1) gauge symmetries, U(1) 1 and U(1) 2 , on D3-brane is "anomalous U(1)" gauge symmetry whose anomaly is cancelled out by generalized Green-Schwarz mechanism [32] , the diagonal U(1) gauge symmetry of them is "non-anomalous U(1)" gauge symmetry. Since the gauge boson of anomalous U(1) gauge symmetry becomes massive, we consider only the non-anomalous diagonal U(1) gauge symmetry in the following.
The massless spectrum on four-dimensional D3-brane world-volume is the following. There are N = 1 supersymmetry gauge multiplets of U(2)×U(1) and chiral multiplets with the following U(2)×U(3)×U(1) quantum numbers:
where a = 1, 2, 3. The D3-D7 3 and D7 3 -D3 open strings give non supersymmetric spectrum:
where φ 1,2 are massless complex scalar fields and ψ 1,2 are Weyl fermion fields. We estimate one-loop mass of the complex scalar field Φ 3 2 which we simply call φ in this section. Note that this scalar field is singlet under all the non-anomalous gauge symmetries, and the anomalous U(1) gauge interaction should give supersymmetric, namely zero, contribution to the one-loop mass. Non-trivial contributions should come from the following possible non-supersymmetric interactions:
The fermion loop due to the first interaction should give negative contributions to the mass squared, and the boson loop due to the second and third interactions should give positive contributions. Since the calculation of the coupling constants of these interactions is beyond the scope of this article, we do not make an observation on the sign of mass squared from low energy field theoretical point of view. The calculation in String Theory is almost the same in the previous section. The result is m
where the vacuum amplitude B 3 |D|B 3 has already been given in Eq.(140) and the vacuum amplitude B7 3 |D|B 3 is given as
The first and second terms in the curly brackets of Eqs.(140) and (158) represent NS-NS closed string exchanges. The divergence due to the massless states with tadpole couplings to D-branes is not cancelled out. 
The massless fields from NS-NS twisted sector with tadpole couplings, are identified as real scalar fields in Refs. [33, 34] , and the low energy effective action of the leading order is given. The tadpole resummation procedure, which has been proposed in Ref. [35] , is possible in case that the higher order contact interactions between the scalar fields and D-branes are known. In the present case, as far as the author knows, the higher order interactions beyond the tadpole couplings are not known except for a suggestion of twopoint contact interaction in Ref. [36] . Although we should stop here to keep the strictness of calculations, it may be useful to sketch how the tadpole resummation could actuary be carried out assuming a contact two-point interaction. Note that the following calculation is not the rigorous one but a demonstration. From Ref. [36] we expect that the coupling constant of the two-point contact interaction is proportional to the D-brane tension. Here, we assume that the coupling is given by
where 1/κ 4D is the reduced Planck mass in four dimensional world-volume of D3-brane. The tree-level effect of the two-point interaction can be included by a kind of Dyson freedom and the other related with brane moduli. The open-string one-loop corrections to the masses of such scalar states can be calculated rather simply in the closed-string picture using the boundary state formalism. In case with broken supersymmetry, oneloop corrections give non-zero masses which have strong correlations with the values of the corresponding open-string one-loop vacuum amplitudes, or vacuum energies. The sign of mass squared is essentially determined by the sign of the vacuum amplitude. This may give a hint to construct explicit models with radiative gauge symmetry breaking in String Theory.
It should be noted that the method in this article can not be directly applied to the massless scalar states from open strings whose two edges end on different stacks of D-branes. This kind of open strings are important in intersecting D-brane models, for example. Though, the method can be applied to investigate the fate of the massless adjoint scalar fields, further developments are required to discuss the fate of other massless scalar fields in intersecting D-brane models.
In the string models with broken supersymmetry, like the model in section 5, there is a problem so called NS-NS tadpole problem [37, 38, 39] . The existence of uncanceled NS-NS tadpole couplings to D-branes, which happens in many string models without supersymmetry, means that the background metric and fields (B-field and dilaton field) are not the solution of String Theory. The actual difficulty in calculations is the appearance of the divergences in open-string one-loop corrections. Tadpole resummation [40] may be applied to avoid NS-NS tadpole problem with the method developed in Ref. [35] using the boundary state formalism. A sketch of the application is given in section 5.
It would be interesting to use the method in this article as a guide to construct explicit models with radiative gauge symmetry breaking. It would be much more interesting to construct pseudo-realistic TeV-scale string models with the radiative electroweak symmetry breaking, and to discuss their general phenomenology at future colliders and other experiments and observations.
